We present a patient with massive posttraumatic ectopic calciWcation in the lower extremity. The patient complained of an increasing tender soft tissue mass with signs of acute inXammation and foot dorsiXexion weakness following a tibial fracture for 34 years. A large radiopaque mass was resected and reconstructed using a free functional gracilis muscle transfer, resulting in recovery of stable soft tissue and foot dorsiXexion. The resected material showed highly Wbrosed soft tissue with extensive dystrophic calciWcations. There were no sign of recurrence at 18-month follow-up.
Introduction
The ectopic ossiWcation is a well known complication following soft tissue injury, but it is rare. It has been reported as a late complication of a compartment syndrome [1] [2] [3] [4] [5] . There is only one report on ectopic calciWcation after tibial fracture combined with a nerve injury [6] . Although guidelines have been established for assessment [7, 8] and treatment [9] of compartment syndrome in the leg, little data has been collected on ectopic calciWcations as a late sequelae of compartment syndrome.
Ectopic calciWcations are commonly observed in soft tissues as a result of neoplastic or inXammatory disease, injury, and aging in the absence of a systemic mineral imbalance. In damaged tissue, the body responds in a nonspeciWc manner by a generic inXammatory response reaction. This sometimes results in calcium deposition within damaged or devitalized tissues.
We present a case of a massive and gradually increasing ectopic calciWcation of muscles in the lower extremity. The calciWcations developed in connection with previous injury to the lower extremity related to a compartment syndrome and nerve injury. We report successful treatment by means of block resection of the lesion and reconstruction with a free functional gracilis muscle transfer.
Case report
A 53-year-old woman presented to our outpatient clinic with acute pain and swelling in the lower extremity. The onset of these symptoms followed 34 years of an asymptomatic period after injury. The patient sustained a closed tibiaWbula fracture and was treated by intramedullary tibial nailing when she was 19-year old. Simultaneously the patient suVered from a complex injury of the lumbosacral plexus with complete peroneal nerve palsy. Two years later the intramedullary nail was removed because of a nonunion. ORIF with cancellous bone grafting was performed. Removal of the implants was performed 5 years later. Between the last surgery and the current episode the patient complained of progressive limitation of the tibiotalar range of motion despite maintaining on active life style.
Clinical examination revealed a painful, tender soft tissue mass with erythema in the ventral third of the leg (Fig. 1) . The patient observed that the mass had grown over the last 12 months. A puncture was done and exposed a tooth paste-like white material. The ankle active range of motion was 0° of dorsiXexion to 20° of plantarXexion. Active foot extension was graded as M3 and palpation revealed voluntary muscle contraction of the proximal fourth of the tibialis anterior muscle. Sensory loss was conWned to the anteromedial lower leg and dorsal aspect of the foot corresponding to both superWcial and deep peroneal nerve territories.
The white blood cell (WBC) count was 10,200 cells/ mm 3 and C-reactive protein (CRP) level was 18.6 mg/l. There were no abnormalities of calcium, phosphorus, and uric acid levels in the blood.
Radiographs revealed a widespread radiopaque mass in the middle third of the leg (Fig. 2) . The mass was located in the anterior compartment as well as the distal part of the deep posterior compartment of the extremity. CT showed that the lesion involved the entire tibialis anterior, extensor hallucis longus, and extensor digitorum longus (data not shown). There was fatty degeneration in the posterior compartments with calciWcation of the distal tibialis posterior muscle. A magnetic resonance imaging (MRI) study revealed a mass with uniformly low signal intensity on both T1-and T2-weighted sequences (data not shown). Bone scan did not demonstrate increased uptake by the mass (data not shown). Angiography demonstrated that the Wbularis artery and tibialis posterior artery were patent. The tibialis anterior artery was stenosed in the middle third of the leg (data not shown).
The entire muscular portion of tibialis anterior and extensor digitorum longus was substituted with an inhomogeneous chalk-like induration, which was resected en block. Necrotic parts of the tibia were also removed. There was no evidence of infection. A free functional gracilis transfer was performed with termino-terminal anastomosis with the tibialis anterior artery. The saphena parva vein was used for venous anastomosis. The proximal part of the deep peroneal nerve was used at the level of proximal tibialis anterior muscle branches for the neural connection. The muscle transfer was distally connected to the tendon of tibialis anterior. A tenodesis of extensor hallucis longus and The patient showed no signs of infection in the course of follow-up. The patient's ability to walk improved after surgery. No clinical and radiological signs of recurrence of calciWcations were seen at 18-month follow-up. The patient was free of pain. Good soft tissue coverage exists (Fig. 6 ). Active foot extension was observed at last follow-up corresponding to M2 with electromyography-measured muscle activity in the gracilis transfer. Recovery of ankle-joint mobility was limited by contracture of the ankle joint, due to pre-operative existent soft tissue conditions. The active ankle range of motion was between-10° of dorsiXexion and 50° of plantarXexion resulting in mild stepping. The patient could stable walk without any support. She was very satisWed with both functional and aesthetic result.
Discussion
The etiology and pathophysiological mechanism of this posttraumatic ectopic calciWcation is diYcult to ascertain due to the tremendous delay since injury. These calciWcations cannot be explained as ossiWcation of posttraumatic hematoma. Radiologically, the tissue was homogenous and predominantly not located in direct contact with the bone. These calciWcations followed muscular Wbers and fasciae. Angiography demonstrated a stenosis of the tibialis anterior artery, suggesting the existence of a vascular lesion at the time of injury. The history of initial injury, paralysis, and ischemic myonecrosis, suggested these calciWcations followed a compartment syndrome. While contracture and deformities of the lower extremity are well-documented complications of compartment syndrome, dystrophic calciWcations are rare occurrences. The pathomechanism of this entity as late sequelae of compartment syndrome is not entirely clear. Certainly, the duration and severity of the initial ischemia, the extent of myonecrosis, and the rate of Wbrous tissue regeneration in place of the necrotic tissue may, among other factors, inXuence its latent presentation. Interestingly the calciWcations were mainly situated in the antero-lateral part of the leg, thus essentially aVecting the anterior compartment corresponding to the nerve injury. In the early stage of injury ankle movements may cause microtrauma in paretic muscle Wbers, thus provoking an increased calciWcation [6] . This phenomenon has been demonstrated experimentally in rabbits [10] . The loss of normal muscle function could play a role in the development of these changes.
Histological investigation approved characteristic features of dystrophic calciWcations (Table 1) .
A review of the literature yielded similar cases [1] [2] [3] [4] [5] 13] . Reports on ectopic calciWcation after compartment syndrome are rare partly because the follow-up period has been too short to detect the calciWcation, which usually develops years after the syndrome. On the other hand, it is always diYcult to prove the existence of a past compartment syndrome in patients with established ectopic calciWcation because the patients usually are referred after considerable time delay from the initial injury.
While good results after surgery with debridement and tendon transfer have been reported [1, 14] an extensive muscle excision appears technically demanding and does not always result in a signiWcant improvement in clinical symptoms [3, 4] . Ninkovic et al. [15] proposed the transposition of the lateral gastrocnemius head to the tendons of the anterior muscle group and the concurrent transposition of its motor nerve to the intact proximal end of the deep peroneal nerve. Successful functional recovery of active dorsiXexion of the foot and toe was achieved with this method. Even though other muscle or tendon transfers like the tibialis posterior tendon transposition over the tibialis anterior can result in functional improvement, but they cannot cover the exposed bone resulting from removed anterior muscular compartment [16, 17] .
Reinnervated free muscle transfer has proven to be invaluable in numerous reconstructive procedures e.g. soft-tissue tumor, brachial plexus and Volkmann's contracture [17] [18] [19] [20] [21] [22] . Several muscles potentially meet the criteria for free functional muscle transfer. Most commonly used muscles include the gracilis, latissimus dorsi, rectus femoris, and the tensor fascia lata muscles. Few reports are available on functioning free muscle transfers in the lower extremity, where injuries have been treated mainly with tendon transfers. Wechselberger et al. [17] used the rectus femoris muscle for restoration of extension of the foot as well as soft-tissue coverage of the lower extremity in three cases with necrosis of all muscles in the anterior compartment after compartment syndrome. Doi et al. [19, 20] reported on two reinnervated free gracilis muscle transfers following radical excision of soft-tissue sarcoma in the extensor muscles of the lower extremity. The transplanted muscles worked as the main activator.
Free functional gracilis muscle transfer is already an established method primarily for restoration of Xexor and extensor function in the forearm, elbow Xexion, and shoulder Xexion [21] [22] [23] . Its size, length, and shape most closely approximates that of the muscles, which provide Xexion and extension in the hand, Xexion at the elbow, as well as, dorsiXexion at the ankle. The latissimus dorsi muscle is an alternative to the gracilis. It has excellent strength and excursion. However, it is bulkier than the gracilis muscle, fans out at its distal insertion, and does not have a distal tendon for weave or repair making it technically more diYcult to apply to the lower leg. The Wt of the latissimus to the anterior compartment is not satisfactory. The gracilis and latissimus muscles are strap muscles. Their muscle Wbers are arranged longitudinal to their direction of contraction. These muscles usually shorten between 40 and 60% of their stretched length. Thus the range of excursion of the gracilis muscle is more than 10-12 cm in adult muscles [20] . In contrast the rectus femoris and tensor fascia lata muscles are bipennate muscles. Their Wbers are oriented at an angle to the direction of muscle contraction. They shorten 40% of their average fascicule length. Because of their fascicular orientation the bipennate transplants provide increased strength but sacriWce excursion or range of motion [18, 24] . For restoration of foot extension and large soft-tissue reconstruction Wechselberger et al. [17] preferred the rectus femoris musculocutaneous Xap. They considered that the gracilis muscle is not potent enough of generating suYcient force for ankle extension. Otherwise Doi et al. [19] described eVective and functional recovery of a functioning gracilis musculocutaneous transfer after radical excision of the anterior compartment in the lower leg.
Daigeler et al. [25] reported on evident but well tolerated donor-site morbidity of the rectus femoris muscle Xap due to weakness of knee extension. The true maximal muscular capacity and maximal voluntary contraction values were reduced by 18 and 22%, respectively. There was also a mild voluntary activation deWcit. The range of motion in the knee and hip was not inXuenced by muscle harvesting. Review of the literature showed no signiWcant functional postoperative morbidity in the young and active patient population when the gracilis muscle was elevated [26] .
Resection of degenerated muscles along with the ectopic calciWcation may be beneWcial when the necrosis is conWned to a localised area in the leg [18] , as in our patient. For restoration of function in the anterior compartment we couldnot treat the patient with tibialis posterior tendon transposition because of the resulting soft tissue defect from the resected anterior compartment. Furthermore the deep posterior compartment was partially aVected by fatty degeneration. In our case we preferred a free functional gracilis muscle transfer due to moderate soft tissue defect without skin defect.
The follow-up after 18 months showed a very good functional result as well as no relapse of calciWcation in 
